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PRObS% be SOLVED: To provide a method for manufacture of a ferritic stainless steel, capable of preventing 
the occurrence of roping at the time of cold rolling in the process where hot rolled p^e . 
SOLUTION: A ferritic stainless steel, having a composition which consists of, by^^^^^ IS.n ^'^ r.. Ali..02% 

00010-0.035% N. 11.0-20.0% Cr. ≤0.010% S. ≤0.04% P. 0.01-1.0% Mn 0.01-1.0% Si, ≤0.5% &ta0.5% Cu^^^^^^^^ 
Mo &le 0010% O >0 005-0.05% B, 0.001-0.5% V, and the balance Fe wrth inevitable impunties and in whi^^ 
S &Smma^^^^^^^ by an equation γp=420 x 0 ^470x N+23X NH;12 X >c Mrr-1 1^ x Cr^^^^^^^ 

ShI xK^ is regulated to 20-60%. is used. At the time of hot^roll.ng t^^^^ !S^^t?hf£k 

heating temp, is regulated to 1150-1300^ C and cumulative draft at &ge:l 00 C is i;^^ 
of routing, and successively, finish rolling is carried out and coiling temp, is regulated to &le:600 C. Then, acid 
SlwKVpned without pe^^^^ hot rolled plate annealing, and cold rolling and final annealing are earned out 
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♦ NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by th use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



CLAIMS 



LCIaim(s;j 

[Claim 1] By weight %, C:0.025 - 0.080%. N:0.0010 - 0.035%, Cr 1 1.0-20.0%, S:0.010% or less. P:0.04% or less, Mn: 
0.01-1.0%, Si:0.01-1.0%, less than [ nickel:0.5% ], Cu: Less than [ 0.5% ], less than [ Mo:0.2% ]. 0:0.010% or less, BK),005% 
** -0.05% and ViO.OOl - 0.5% are contained, gammap shown by the lower formula by the remainder consisting of Fe 
and an unescapable impurity The ferritic stainless steel which is 20 - 60% On the occasion of hot rolling, make heating 
temperature into 1150 degrees C or more 1300 degrees C or less, and an accumulation rolling reduction 1100 degrees 
C or more is made into 40% or more in rough rolling. The manufacture method of the ferritic stainless steel excellent in 
the surfece characteristic characterized by carrying out finishing rolling succeedingly. carrying out pickling and 
carrying out cold-rolling and the last annealing, without making **** temperature into 600 degrees C or less, and 
carrying out hot-rolling board annealing henceforth. ^ 
gammap =420xC-Hi70xN+23xnickel+12xCu+7xMn-11. 5x01-1 1.5xSi-11xMo-52xaluminurn-49xTi+1 89. [Claim 2] The 
manufacture method of the ferritic stainless steel excellent in the surface characteristic according to claim 1 which is 
weight % and is characterized by containing one or more sorts (aluminum:0.005-0.03% and Ti:0.005-0.05%) further. 
[Claim 3] The manufacture method of the ferritic stainless steel excellent in the surface characteristic according to 
claim 2 which is weight % and is characterized by containing Mg:0.0005-0.02% further. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

beautiful [ surface ] requires — having — a front tace l^j^^rz. surface irreeularity called RUINGU at the time 
However, the fenitic stainless ^ee' --d^^^^ ^rs WnGU 2e "S" ll^SSaS ofTsCHnicrometer height 

M ntooit-t^- abort 0.5 i~(iir«nM^ on 

the above-mentioned roping. 

Klem(s) to be Solved by the Inventk>n] Pf^^^->^^ l^oTc—det^^^^^^ &TneSS:"^^^ 
can be cooked, until now It cannot 'j* ^^^^ a cSd-rolled'rolling reduction 

of a fabricating operation, and gen«^tong of roping at the '""'"^^^ mechanism of roping - RIJINGU 

becomes so small that it becomes high and as fo-" '?P'"8.^S?^,l'in^^uJ^^^ RIJINGU. 
differs from, generating behavior -^^^^ 

r„ra^g^bb^:;i«e^sr*^ 

characteristic can be offered still more cheaply. u.-rd annealing process to offer the manufacture 

without carrying out finishing rolling succeedingly. making **** temperature inu. uuv & 

fo^»ga^;^is^^^^^^ 

^5:^.'Sn"to^e^V;J^^^^^^^^ 

&ments of the Inventten] Hereafter, this invention is explained in detail, this invention person etc. inquired in 
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detail in the laboratory for the purpose of reduction of the minute external waviness (roping) generated at the time of 
cold-rolling of a ferrltic stainless steel, this invention person etc. changed various components of the ferrite system 
stainless steel network which uses Cr as a representation component 17% in the vacuum melting of a laboratory, and 
ingoted 50kg steel ingot When conducting a hot-rolling experiment for this steel ingot in a laboratory and 
manufacturing a 3mm hot-rolling board, heating conditions, rough rolling conditions, finish hot-rolling conditions, and 
**** conditions were changed, and the relation with the roping generating behavior at the time of cold-rolling was 
investigated Pickling was carried out without annealing the above-mentioned hot-rolling board, and roping performed 
cold-rolling to 0.4mm. it measured with the r lative roughness plan about 10mm length in the right-angled direction to 
the direction of cold-rolling, and was taken as roping height with the maximum of external waviness height Three 
places of this measurement were" carried out and the average estimated roping. 

[0013] A rank and 0.15 micrometers or more less than 0.25 micrometers evaluated B rank, and 0.25 micrometers or 
more - less than 0.35 micrometers evaluated [the average of the roping maximum height whose evaluation is three 
places / less than 0.15 micrometers ] C rank and 0.35 micrometers or more as a D rank. From the point of surfiace 
grace, if it is A and B rank, a problem and a bird clapper will not be. ^ • ^ l h- u j 

[0014] From this experimental result examiriation for improving roping in the process which omitted hot-rolling board 
annealing was performed, the knowledge of the following matter was canned out and this invention was completed. 

(1) The form and distribution state of gamma phase change a lot according to the rolling conditions at the time of 
rough rolling, and when rough rolling gives 40% or more of accumulation pressing down above 11 00 degrees C, carry 
out the detailed decentralization of the gamma phase. Roping height is reduced, so that gamma phase carries out 
detailed decentralization. ^ « . . 

(2) Even if it elevatedHemperature-izes temperature after finishing rolling at 750 degrees C and advances 
recrystallization of a ferrite phase, roping does not improve. . aixl i 

(3) In the improvement of roping, it is gammap. It is gammap although an increase is effective. Althou gh the ear crack 
at the time of cold-rolling and the increase of a load will arise if too higK it is improvable with making **** into 600 
degrees C or less, and B addition. ^ ^j. . , . . . -r- u n 

(4) the above-meritioned B addition — adding — one or more sorts of addition of aluminum and Ti — it can be further 
improved by roping by compound addition with this and Mg > _i- n- 

[0015] And in order to have improved roping, it became clear that it is important at the time of rough rolling to 
promote decentralization of 15% or more of gamma phase. Especially at the time of heating, if there is little gamma 
**** and it is made for gamma phase to deposit at the time of rough rolling, roping is improvable. 
[0016] gammap shown within the limits of the steel component made into the object of this Invention by the lower 
formula in order to make gamma phase into 15% or more at the time of rough rolling When there was 20% or more, it 
became clear that the amount required during rough rolling of gamma is also securable. 
gammap =420xC+470xN+23xnickel+1 2xCu+7xMn-1 1 .5xCr-1 1 .5xSi-1 1 xMo — rt is important from a viewpoint of 
decentralization of gamma phase at the time of rough rolling to set up heating temperature as heating conditions for 
the slab before peribrming -52xaluminum-49xTrHl89 rough rolling, so that gamma phase may deposit or increase 
during rough rolling If heating temperature is set up so that gamma **** may serve as the maximum at the tirne of 
heating a roping property cannot improve without the ability performing decentralization of gamma phase at the tirne 
of rough rolling. This is as remarkable as low-temperature heating, and gamma diecentralization at the time of rough 
rolling is difficult in heating of less than 11 00 degrees C. Moreover, when rt takes into consideration taking 40% or 
more of accumulation pressing down above 1 100 degrees C. 1 150 degrees C or more are desirable as heating ^ 
temperature. However, since the surface section would cause unusual grain growth by decarbonization and would 
cause a crack if it heats exceeding 1300 degrees C. the upper limit of heating temperature was made into 1300 
degrees 0. 

[0017] After satisfying a component and heating conditions as mentioned above, decentralization of gamma phase at 
the time of rough rolling can be attained by making an accumulation rolling reduction 1100 degrees C or more into 40% 
or more as rough rolling conditions further. Eye a required hatchet made the rolling reduction 1100 degrees C or more 
40% or more in order to distribute gamma phase minutely before finishing-after time of rough rolling, or rough rolling - 
rolling and it is because gamma deposit to a grain boundary sen/es as a subject in less than [ this ]. Moreover, rt is 
gammap even if an accumulation rolling reduction can secure 40%. If it is less than 20% or rolls out at less than 1100 
degrees C, it will not distribute but gamma phase will make roping poor. About rolling of 1100 degrees C or more, 
although it is so desirable that the rolling reduction per one pass is high, even if it divides into a number path and 
carries out it is effective. Moreover, by component system by which gamma phase decreases to less than 15% during 
rough rolling, although it becomes easy to produce recrystallization during hot-rolling, when recrystallization arose, it 
was also made clear that it was not admitted that roping height decreases remari^ably. . • . ,r 

[0018] Moreover, gammap It is related and is gammap. It is gammap although roping improves so that it is high If too 
high an ear crack will arise at the time of cold-rolling, and the problem of the Increase in a process, such as the load 
at the time of cold-rolling becoming large, and the number of paths of cold-rolling increasing, or needing intermediate 
annealing for thin-izing. will arise. It was shown cleariy that carrying out elasticity-ization for gamrpa phase a little 
enables the load reduction and thin-izing at the time of prevention and cold-rolling of an ear crack about this point 
For this reason, in order to reduce the stability of gamma phase, as a result of examining many things. It became clear 
that elasticity-ization of gamma phase can be attained by adding B in a large quantity from 0.005%, and performing 
**** below 600 degrees C at the time of ■ . u u. 

[0019] If **** temperature becomes higher than 600 degrees C, gamma phase will become elasticity too much, or it 
decomposes into a ferrite phase and cariside and roping nature deteriorates conversely. Consequently, in order to 
enable elasticity-ization of gamma phase before cold-rolling in this invention, a lot of B is added, and it is gammap by 
**** 600 degrees C or less. Manufacture of **** in which can improve cold-rolling nature even if higher than before, 
and a roping-proof property is excellent was attained. . 
[0020] However, it also sets to this invention and is gammap. If it prescribes that a component exceeds 60%, in the 
hot-rolling board annealing ellipsis process of this invention, they are an ear crack at the time of cold-rolling, arid 
gammat since the load increase at the time of cold-rolling and thin-ization of product board thickness become difficult 
again ] p. You may be 60% or less. u. u* u 

[0021] this invention xamined further how to distribute gamma phase minutely in a hot-rolling stage. The result which 
considered as the method of distributing gamma phase in a hot-Tilling stage uniformly minutely especially, and 
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considered the organization change to a cast piece - heating in detail. At the same time a cast piece organization 
changes from a columnai-crystal subject to one or more sorts of addition of aluminum or Ti. or it by carrying out 
comoound addition of Mg to an equiaxed-grain sulyect Detailed-ization of particle size was attained, decentralization 
of lamma phase at the time of rough rolling could be advanced further, and it became clear that roping can be 
reduced with combination with **** 600 degrees C or less after hot-rolling. In this case, even if respectively 
independent [ at 0.005% or more ] as aluminum and an amount of Ti, composite is sufficient again, and it is effective it 

contained 0.0005% or more as Mg. ... ^- ^ ■ i. ■ 

[0022] As a result of extending and examining the component range about Xhe above-mentioned relation being 
realized by the following component system made the above-mentioned roping T^l^f °" ^A - 
component of the ferritic stainless steel which constitutes this invention By weight X, Cfl 025 - 0.080%, N.0.00 10 
0 035% Cn 11.0-20.0%. S:0.0l0%or less. Pfi.04% or less. Mn: 0.01-1.0%. Si:0.0 -1.0% less than [ nickel:0.5% ]. Cu: Less 
Sfian [ 0.5% ]. less than [ Mo:0.2% ]. 0:0.010% or less. B:0.005% ** -0.05% ^fJo^JOOl " JfX 

responding — as a selection element — alumhum: — one or more sorts (0.005 - 0.03% and Ti.0.005-0.05%} or this is 
made to carry out compound content of the Mg:0.0005-0.02%fvjrther 

[0023] The reason for limitation of the above-mentioned component IS explained in detail below. 
C- C is detrimental in respect of corrosion resistance, and although it has a bad influence especially on the con;osion 
resistance of a weld zone, in order to secure intensity and.gamma **** proper, it B required a certain JJ^de. Since 
processability and ductility would deteriorate if the amounts of gamma run short at less than 0.025% and tt adds 

exceeding 0.080% from a viewpoint of gamma phase, C could be 0.025 - 0.080%. . . _ 

[0024] N: Although N is so desirable that there are few contents like C to corrosion resistance and processability. 
since it will become high intensity and processability will deteriorate if it is '"'i;^^^ ^'^^^^"'^^ ^^ 
0 001 0% and adds exceeding 0.035% also in this invention steel, N is taken as 0.001 0 0.035% of range. 
[0025] CrCr is the main element of the ferritic stainless steel of this invention, and in order to secw-e corrosion 
resistance, it is necessary to add it 11.0% or more. However, although corrosion resistance improved even if it added 
exceeding 20.0%, since C for securing the amount of gamma. N, and the amount of Mn increased and processability 
and toughness deteriorated, the upper limit of Cr was made into 20.0%. , . • 

[0026] S- S degrades ductility, toughness, etc.. and since it is detnmental also from a corrosion resistance viewpoint, it 
may be 0.010% or less. UtUe Sis so desirable that there is within limits contained unescapable ■ \ . 
F P is detrimental also processability, toughness, and in respect of corrosion resistance, and the content may be 
0.040% or less so desirably that it is few. Little P is so desirable that there is witti.n limits ^„ 
[0027] Although MnMn is added as a deoxidation element, since the effect is saturated with less than 0.01% even if an 
effect adds exceeding 1.0% rather than is enough, it adds in 0.01 -1.0% of range. ^-.^.^^a 
Although used as a deoxidizer. since Si:Si will promote an embrittlement remartebty and will degrade ductolrty and 
touSness if there is no effect sufficient at less than 0.01% and it adds exceeding 1.0%. it is taken as 0.01 - 1.0% of 

Sola] nickeknickel Is effective as a gamma phase stabilization elemert - since e^'"^ Pl^f .^fJ^T^^^^^ 

intensity will become high too much or processability will deteriorate if it adds so much, it adds at 0.5% or less (it does 

ASi^uShTcuSli is effective as a gamma phase stabilization element, since intensity will rise remarkably by Cu if it 
adds so much, it adds at 0.5% or less (it does not contain 0%). . ^ .„ ■ j ,uii-,^, >.,:ii 

Although Mo:Mo works as a feirite-phase stabilization element, smce intensity will rise and processability will 
deteriorate if it adds so much, it adds at 0.2% or less (it does not contain 0%). , . . • 

a WO degraded the toughness of a hot^lling board or caused degrodation by the ^"ghness erf nozzle plug^^ 
at the time of casting, or a crack generating and a holrrolling board, it couW be 0.010% or less in this im^ention. Little 
0 is so desirable that there is within limits allowed on steel-manufacture technology. _ 

[0029] B: In order that B may attain elasticity-ization of gamma phase, it is an indispen^ble element, and the eltect is 
nefTective at 0.005% or less, and it is gammap. It is required to add so mosthr that it be h«h. However, if rt adds^ 
exceeding 0.05%. in order for B compound to deposit so much and to degrade processabili^ and toughness, it adds at 

W fixes' C and N at the time of ****, and since [ 0 ] it can improve processability. it adds them in 0.001 in all - 0.5% 

[ft^fn'thfelnlentioa^compound addition of Mg can be carried out at one or more sorts of aluminum and Ti. or this 

Jidejendent addition of the aluminum:aluminum is can-ied out for fixation of a deoxidizer or N, and also ooex'^ wij 
Tor Mg, and it carries out compound addition and can be added at 0.005% or more because of the oper^on effect^ 
detailechizing of a cast piece organization. At less than 0.005%, if it does not see and adds «'«ce«*ng O.M%. weldabilrty 
will deteriorate, or since aluminum itself is a powerful ferrite formation element, the above-mentioned effect is made 
into 0.03% or less for the need of adding gamma stabilization element so much arising etc 

[0031] It adds independently for fixation of a deoxidizer. 0, and N. and also it coexists with aluminum or M& ^nd by 
carrying out compound addition, since Ti:Ti acquires the operatk>n effect of deta.led-izing of a cast piece organ zation. 
it can be added at 0.005% or more. When the above-mentioned effect is not seen but is superfluously added at less 
than 0.005%, an upper limit is 0.05% because of the need of adding gamma stabilization ^^^'^^'^^^.J^^^^^^^.^l^ 
ferrite formation [ with the improving high thing price ] element with powerful bird clapper and Ti itself producing the 
fixed effect of N etc. It is desirable to consider as 0.03% or less from a viewpoint of roping. i„„..rrflnn 
[0032] Mg: Contribute to detailed-ization of a cast piece organization and a hot-rolhng or^nization in this 'nvert'on. 
and in order to promote detailed decentralization of gamma phase add if needed. When adding, compound addrtion 
with one or mora sorts of aluminum or Ti is required. Moreover, although the detai^ed-ized effect cart piece 
organization is acquired by 0.0005% or more of additba even if it adds exceeding 0.02%. since the effect is saturated, 
it is added in 0.0005 - 0.05% of range. 

[Example] The feiritic stainless steel of each component shown in Table 1 was ingoted in the v?o""ni melting of a lab. 
and 50kg steel ingot with a thickness of 100mm was manufactured. Then rough rolling was earned out to 20mm with 
five paths after heating on the conditions shown in Table 2. finish hot-~lling was earned out with six Pathsjrom 
20mm to 5-3mm. as it was. the hotrrolling board was inserted in the 850-35Onlegree C furnace, earned out after 
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the 1 hour retention ] furnace cooling, and **** was simulated. The **5Mt temperature oiF front Naka is the retention 
temperature of this simulation. Then, cold-rolling of the rate of cold rolling was changed and carried out to the after 

pickling ] thickness of 2.0-0.4mm with the sulfuric acid, and subsequent roping height was evaluated The evaluation 
method of roping is the same as the above-mentioned method. Although the result was similarly shown in Table 2, 
according to the manufacture method of this invention, the roping height at the time of cold-rolling was al^le to 
acquire the small excellent surface characteristic. 
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_g 


954 


816 


500 
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450 
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50 


1029 


846 


700 


80 


C 
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25l8 


1250 


40 


1076 


847 


750 


80 


n 






[0036] _ . 

[Effect of the Invention] By combining a steel component, the heating conditions at the time of hot-rolling, rough 
rolling conditions (temperature, accumulation rolling reduction), and **** temperature, also in a hot-rolling board 
annealing ellipsis process, roping at the time of cold-rolling can be reduced, and, according to the manufacture method 
of this Invention, the ferritic stainless steel which has improved the surface characteristic by the low cost can be 
offered. 
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[Translation done.] 
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